Abstract Individuals' subjective expectations are important in explaining heterogeneity in individual choices, but their elicitation poses some challenges, in particular when one is interested in the subjective probability distribution of an individual. We have developed an innovative visual representation for Internet surveys that has some advantages over previously used formats. In this paper we present our findings from testing this visual representation in the context of individuals' Social Security expectations. Respondents are asked to allocate a total of 20 balls across seven bins to express what they believe the chances to be that their future Social Security benefits would fall into any one of those bins. Our data come from the Internet survey of respondents to the Health and Retirement Study, a representative survey of the U.S. population aged 51 and older. To contrast the results from the visual format with a previously used format, we divided the sample into two random groups and administered both, the visual format and the more standard percent chance format. Our findings suggest that the main advantage of the visual format is that it generates usable answers for virtually all respondents in the sample while in the percent chance format a significant fraction (about 20 percent) of responses is lost due to inconsistencies. Across various other dimensions, the visual format performs similarly to the percent chance format, leading us to conclude that the bins-and-balls format is a viable alternative that leads to more complete data.
Introduction
Studies of individual decision making in a dynamic setting need to take into account individuals' expectations about future events. Traditionally, researchers have met this need by making assumptions about expectations or the expectation formation process. This shortcut is largely due to the lack of adequate data. Over the last 15 years, there have been some important advances in the collection of information on subjective expectations, most importantly the move from a deterministic survey question format to one that captures some of the uncertainty necessarily associated with an event that has not yet materialized.
1 Several general-purpose surveys now collect expectations data across several domains in the form of subjective probabilities rather than point expectations.
2 Questions usually take the "percent chance" format:
On a scale from 0 to 100 where 0 means you think there is no chance and 100 means that you are absolutely certain, what do you think are the chances that [. . .] .
Subjective probabilities collected in this manner have been shown to vary systematically with covariates in the same way as the actual outcomes, to be predictive of actual outcomes and of actual and expected economic behavior (e.g., McGarry 1995, 2002; Dominitz 1998; Gan et al. 2004; Delavande 2008; Delavande and Willis 2007) . However, this question format tends to produce focal answers, in particular bunching of responses at 50 percent, and also at 0 and 100. Bruine de Bruin et al. (2002) find that the fraction of focal answers is reduced when supplying a visual representation such as a response scale that explicitly shows the numeric response options from 0 to 100. Internet-based interviews open the possibility to much richer visual representations, including tailoring to individual respondents' previous answers. We have designed a survey instrument that takes advantage of these features of the Internet and goes beyond asking just about one point on individuals' subjective probability distribution. Using an innovative visual representation, we elicit information about individuals' entire subjective distribution of beliefs in the context of individuals' expectations about their future Social Security benefits. We present respondents with seven bins each of which represents a range into which an individual's future Social Security benefits might fall. Respondents are asked to allocate a total of 20 balls across those seven bins to express what they believe the chances to be that their future Social Security benefits would 1. For an overview of and the state of knowledge of expectations data, see Manski (2004) . 2. Examples of large household surveys that have collected data on individuals' subjective expectations are the Health and Retirement Study, the Panel Study of Income Dynamics, the National Longitudinal Survey of Youth, the Michigan Survey of Consumers, the Survey of Economic Expectations, and the Survey of Health, Ageing and Retirement in Europe. See for example Hurd and McGarry (1995) , Dominitz and Manski (1997 , 2004 , 2007 and Fischhoff et al. (2000) for analyses of these expectations data.
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Delavande and Rohwedder fall into any one of those bins. We chose a design with 20 balls and seven bins as a compromise between respondent burden when allocating the balls and the precision of the elicited information.
We are not the first to elicit information from the entire distribution of individuals' expected Social Security benefits. Dominitz and Manski (2006) have done so in the Survey of Economic Expectations using the percent chance format. They ask about six different points on the cumulative distribution function. Even though the format is somewhat repetitive for respondents, they achieved a response rate of 97 percent among those who provided a minimum and a maximum Social Security benefit amount.
3 Intuitively, the bins-andballs format has several advantages: first, it avoids the repetitive series of questions inherent in the percent chance format (due to asking about several different thresholds); second, it yields internally consistent data (no violations of monotonicity of the cumulative distribution function); third, the information comes in a form that visualizes an approximation of the probability density which may help respondents and, finally, by increasing the number of bins, it can provide more detail about the probability distribution in just one question.
To compare our bins-and-balls format with the percent chance format, we randomized our sample into two groups and administered the bins-and-balls format to one group and the percent chance format to the other. Both groups answered the questions over the Internet so that our comparisons of the two formats were not affected by interview mode effects. Our data come from the Internet survey of respondents to the Health and Retirement Study (HRS) which is a longitudinal survey that is representative of the U.S. population aged 51 and older. We link the observations on Social Security expectations from the Internet survey to the rich background information collected on the same respondents in the main HRS survey. We can therefore investigate the informational content of the Social Security expectations and find how the uncertainty about expected Social Security benefits varies by individual characteristics and whether the bins-and-balls format differs in this respect from the percent chance format. Our objective is to find whether and to what extent the visual formatrendered possible by the Internet mode-is a viable alternative for eliciting the distribution of beliefs and to what extent it might even be advantageous compared to the percent chance format.
3. In Dominitz and Manski (2006) , only respondents who provided a smallest and a highest possible value of expected Social Security benefits were asked the six follow-up questions to elicit several points on individuals' subjective probability distribution. However, a large fraction (31 percent) of the sample did not provide the minimum or maximum value resulting in a significant reduction in usable answers. The data on subjective probabilities about future Social Security benefits come from a module of the HRS Internet survey which is a supplementary survey of the Health and Retirement Study (HRS). The HRS is a panel survey that is representative of the U.S. population aged 51 and over. In the core survey, the HRS collects data on close to 20,000 individuals and their spouses in about 13,000 households. 4 Eligibility for the second wave of the HRS Internet survey, which we use in this study, is determined by whether a respondent reports regularly using the Internet in the core survey in HRS 2004 or HRS 2006 . A random subsample of 7,261 respondents qualified, but only 77.7 percent were invited to participate in the Internet survey; the remainder of the sample was retained as a control group. 5 The data for the second wave of the HRS Internet survey was collected in two phases: the first part of the sample (34.0 percent or 1,919 individuals) was invited to participate in the spring of 2006 (phase I) and the second part of the sample (66.0 percent or 3,721 individuals) was invited to participate in the summer of 2007. 6 In both phases, the unit response rate, conditional on being invited to participate, was 70 percent. There were no breakoffs in phase I. In phase II, 2,618 respondents completed the entire survey out of 3,721 invited. Most of our analytical sample comes from phase II, but we bring in some data from phase I (see the section "Analytic sample" for further detail).
EXPERIMENTAL DESIGN
The survey questions that we focus on in this study are embedded in a sequence eliciting several aspects related to future Social Security receipt: whether the person expects to receive any Social Security benefits in the future, at what age and how much. To elicit the subjective distributions of beliefs about future Social Security benefits, respondents are randomized into one of two different 4. More precisely, in 2004 the HRS interviewed 20,129 individuals in 13,645 households achieving a response rate of 87.8 percent; in 2006, HRS interviewed 18,469 individuals in 12,605 households and the response rate was 88.9 percent. 5. The purpose of the control group is to allow HRS to study potential effects of participation in the Internet Survey on participation in subsequent interviews of the core survey. 6. The reason for postponing the interview to a later second phase for one group of the sample was that this group had been previously assigned (at random) to participate in another supplemental study and would have had three HRS-related interviews within months of each other had their Internet interview not been postponed.
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Delavande and Rohwedder formats: (i) a new visual format that we designed and (ii) the standard percent chance format.
7
Question wording of lead-up questions: Respondents who reported not currently receiving Social Security benefits are asked the percent chance that they will receive Social Security benefits some time in the future. Those who provide a positive probability are asked about their subjective expectations regarding their claiming age and future Social Security benefit amounts (conditional on receiving any). Before providing information on the subjective distributions of beliefs about the benefits amounts, respondents are first asked to give a point estimate:
How much do you expect your monthly Social Security benefits to be in today's dollars?
We use this point estimate to tailor the thresholds for the questions about individuals' subjective distributions of their future benefits which follow next.
Subjective distributions of Social Security benefit amounts: Visual format:
The visual format elicits information on individuals' subjective probability distributions about their future Social Security benefits in a way that mimics the density function of their subjective beliefs. The introduction includes a couple of examples to familiarize respondents with the exercise:
Often people are uncertain about their future Social Security benefits.
In the next question, we ask you to think about what your monthly benefits might be. We will show you 20 balls that you can put in seven different bins, reflecting what you think are the chances out of 20 that your future Social Security benefits fall in each bin. The more likely you think it is that your benefits fall in a given bin, the more balls you should assign to this bin. For example, if you put all the balls in the bin $500 -$800, it means you are certain that the amount you will receive is between $500 and $800. Another example is illustrated on the next screen.
The next screen shows a graph of balls allocated across bins replicated in Figure 1 with additional explanations underneath. We included the examples of interpretation to provide guidance to those who may not be comfortable with thinking in terms of percentages.
7. Respondents are also randomized into whether they are asked about their future Social Security benefits conditional or unconditional on their self-reported expected claiming age. In earlier work (Delavande and Rohwedder 2007) , we show that conditioning on expected claiming age leads to distributions that are not statistically different from each other. This is because the respondents' underlying distribution of expected claiming ages is almost universally symmetric around the point estimate of the expected claiming age resulting in conditional and unconditional distributions that are very similar. In this paper we therefore pool respondents who were asked their expectations conditional or unconditional on claiming age. Figure 2 shows the screen that respondents see when allocating the 20 balls into seven bins. In the design we chose 20 balls as the best compromise between respondent burden involved in the process of allocating balls and available precision. From response patterns to other percent chance questions in the HRS core, we found that only rarely would anybody provide answers that require a smaller unit than 5 percent (= 1 ball out of 20). Similarly, we chose seven bins as a compromise between potentially obtaining additional detail from a large number of bins and constraints to fit the bins on the screen.
Subjective distributions of Social Security benefit amounts: Percent chance format: The percent chance format follows Dominitz and Manski (2006) in requiring respondents to provide multiple points on their cumulative distribution function. In particular, respondents are asked to provide four points by stating the chance that their benefits might be lower or higher than a threshold using the following wording: 8 Often people are uncertain about their future Social Security benefits. In the next few questions we will ask you about the chances that your future Social Security benefits turn out to be higher or lower than certain values. Now what about the chances that your Social Security benefits might be higher/lower: On a scale from 0 to 100, where 0 means no chance and 100 means you are absolutely certain, what do you think is the percent chance that your Social Security benefits will be more/less than $[X] per month?
The exact sequence of questions is provided in Appendix 1. We chose to use only four thresholds for the percent chance format, defining five different bins, to limit the amount of repetition resulting from separate questions about each of the thresholds.
Design of thresholds:
For both the visual and the percent chance format, the thresholds depend on respondents' reported expected Social Security amount (see the section "Question wording of lead-up questions"). 9 The motivation for using tailored thresholds is presented in Dominitz and Manski (1997) . First, it ensures that the thresholds cover a range that is relevant for the respondent, rather than asking about a range that might be too wide or too narrow and thus less informative. Second, it decreases potential anchoring effects where respondents' answers might be influenced by the amounts associated with the thresholds.
We designed the thresholds to be centered around the respondents' point estimates of their expected future Social Security benefits.
10 They are computed 8. Within the percent chance format, there is another randomization: half the sample is first asked about the chances that benefits could be higher and then about the chances that benefits might be lower. For the other half the ordering is reversed. The rationale for this randomization is that the "higher" or "lower" wording might lead to anchoring bias in the answers which would average out in summary statistics at the population level. While this does not generate a different pattern of answers for the probability mass lower than a threshold, we find that the average probabilities about the chance that benefits might be higher than certain values differ statistically using a t-test depending on the order. 9. The median expected amount is $1,100 per month. 10. Dominitz and Manski (2006) also use preliminary questions to determine individual-specific thresholds. However, rather than using the point estimate they ask respondents about the lowest in the same way for the visual and the percent chance format. However, the bins-and-balls format has two additional thresholds in the extreme right and left (see Figure 3 where A denotes the respondent's point estimate). For example the central bin covers the range of (just under) ±15 percent of the respondent's point estimate. The thresholds are rounded to the next $5. If a respondent did not provide a point estimate, we administered standardized thresholds.
ANALYTICAL SAMPLE
A total of 2,618 respondents participated in phase II of the HRS Internet wave 2. Of these, 1,835 were administered the Social Security module.
12 Data on expected Social Security benefits are only relevant to respondents who are not currently receiving these benefits and who give a positive subjective probability of receiving them some time in the future. This leaves us with 1,021 observations from phase II who were asked about their subjective distribution of future Social Security benefits, randomized across the percent format and the bins-and-balls format. The design and sampling in phase I followed the same principles, but and highest future Social Security benefits amount. We decided to use the point estimate because nonresponse to these lowest and highest amounts was high in their survey (about 30 percent). 11. The standard thresholds are $0, $300, $600, $900, $1,200, $1,500 and $1,800 for the binsand-balls format, and $600, $900, $1,200, $1,500 for the percent chance format. 12. Beginning in the second week of the field period, respondents aged 65 or older were no longer asked the Social Security module in phase II of the HRS Internet wave 2. This step was taken to reduce survey burden for respondents after it turned out that the average time to complete the entire survey, which included several other modules, was longer than anticipated. the piloted version of the percent format was not exactly comparable to the bins-and-balls format. We therefore use only the bins-and-balls observations from phase I. This adds 397 observations from phase I to our analytical sample bringing the total number of observations to 1,418. Combining the two phases, 55 percent of respondents were randomized into the bins-and-balls format and 45 into the percent chance format. While the original sampling frame is the population representative pool of HRS respondents, eligibility for the Internet survey is based on respondents using the Internet on a regular basis. In comparison with respondents from the entire HRS sample who do not yet receive Social Security benefits, we find that our analytical sample is more highly educated, slightly younger on average, more likely to live in the Midwest, and less likely to live in the South. Most of these differences are rather small with the exception of education (41.5 percent with college or above compared to 32.6 percent). Respondents from the HRS Internet sample randomized into the two formats share similar characteristics (see table 1). In table 1, the only variable for which we can reject equality of the averages at 5 percent across the two formats is age, with respondents in the bins-and-balls format being slightly older on average (55.7 versus 55.1 years old). 13 We do not use weights in our analysis as we are presenting results for randomized groups to make advances in survey methodology rather than population estimates.
Basic Data Quality: Visual versus Percent Chance Format

RESPONSE RATES
Item nonresponse rates, conditional on participating in the survey, are very low throughout: about 3 percent for the point expectations and less than 2 percent for the subjective distribution of beliefs for both formats. In the percent chance format, 98.4 percent answered all four questions about the different thresholds.
14 These minimal differences do not lead to any one of the question designs to stand out over the other.
SURVEY TIME Using timing data, we find only a small difference in how long it took respondents to answer the questions in the different formats (84.7 seconds to go through the two introductory screens of the visual format and to allocate the balls and 90.2 seconds to complete the sequence of the four percent chance questions 15 ). Note that allocating the balls accounted for only 21 seconds on average. This suggests that if a researcher is interested in eliciting more than one distribution within the same survey, there might be gains in terms of survey time from using the bins-and-balls format, as the introduction screens can easily be skipped or shortened when eliciting additional distributions.
USABLE ANSWERS
A common problem with administering a series of percent chance questions to elicit multiple points on respondents' subjective probability distribution about an event is that respondents may not respect the monotonicity across thresholds (i.e., the subjective probability of, say, Social Security benefits being more than $500 is larger than the probability of Social Security benefits exceeding any 13. Due to competing survey time, respondents aged 65 or older who were asked the Social Security module in phase I were no longer asked in phase II, resulting in a slightly older sample for the bins-and-balls format since some of the sample comes from wave I. 14. As a comparison, about 96.8 percent of respondents to the Survey of Economic Expectations answered the six thresholds about future Social Security benefits (Dominitz and Manski 2006 other higher threshold). Respondents whose answers violate this monotonicity property may not master the concept of probabilities and their answers are difficult to interpret and use in empirical analysis. This is what we call "unusable answers" in the context of the percent chance format. This problem does not arise in the bins-and-balls format. However, in the bins-and-balls setting, respondents may fail to allocate all 20 balls. This is what we call "unusable answers" in this format.
More than 97 percent of the answers are usable for the bins-and-balls format. This is in stark contrast to the percent chance format where observations are lost first because some respondents do not answer all the four questions about the four different thresholds (1.6 percent) and second because a considerable fraction of respondents' answers violate the monotonicity property (about 20 percent of those who answered all four questions). This not only reduces the usable data in the percent chance format, but also introduces selection effects. 
more educated and healthier; they also score higher on cognitive tests and are more likely to live in the Northeast and the Midwest. Those who violated the monotonicity property have a lower score in the serial 7 test (a test assessing working memory by asking respondents to subtract 7 from 100, and from each subsequent number for a total of five trials, Ofstedal, Fisher, and Herzog 2005) and seem to have more difficulty overall with other probabilistic questions. Using all the expectations questions from HRS 2006, we constructed an index which captures one's ability to "think probabilistically" in the spirit of Lillard and Willis (2002) . The index computes for a particular respondent the proportion of "don't know," "refuse," and "50 percent" out of all the expectations questions that are phrased using the percent chance format in the HRS core survey instrument. The average index is 20.0 percent among respondents who violated the monotonicity, compared to 17.9 among those who did not.
PRECISION OF INFORMATION
One of the advantages of the bins-and-balls design is that we can present a relatively large set of bins (or intervals) without increasing much the burden to respondents. In contrast, having answers for seven intervals requires asking respondents six percent chance questions. At the same time, however, the bins-and-balls format limits respondents' precision in the allocation of the probability mass in a given bin. In the current design, respondents have to allocate 20 balls, which implies that the smallest positive probability that they can allocate to a bin is 5 percent. The percent chance format allows respondents to report positive probabilities with precision down to the single integer.
We evaluate to what extent respondents use the precision provided by each format. Table 3 presents the total number of bins used by respondents. While respondents randomized into the bins-and-balls format could use up to seven bins, only 1 percent chose to use more than five bins. We also check the proportion of respondents who provide a percent chance which is not a multiple of five. This is the case for less than 3.5 percent of the answers per bin. 16 Overall, very few respondents take advantage of the full precision provided by the format they are given and the limited precision in the bins-and-balls format imposed by the number of balls is not expected to lead to any material difference between the bins-and-balls format and the percent format.
SHAPE OF THE ELICITED DISTRIBUTIONS
In this section, we compare the shape of the elicited distributions. To make the data from the two formats directly comparable, we consider the probability mass (on a scale from 0 to 100) distributed across five bins, that is, we aggregate the number of balls in the first and second bin, and in the sixth and seventh bin for the bins-and-balls format. We restrict the analysis to respondents who provided usable answers, according to the definition above.
Most common answers:
For both formats, the most common answer is to allocate all the probability mass in the middle which contains the respondent's previously reported point estimate. However, this answer is more common in the visual format than in the percent chance format (21 percent versus 10 percent). 17 The second most common answer (6 percent of respondents) in the visual format is to allocate 50 percent of the probability mass in the middle bin, and 50 percent in the second bin. The third most common answer (5 percent of respondents) is to allocate 75 percent of the probability mass to the middle bin, and 25 percent to the fourth bin. For the percent chance format the second and third most common answers are different: 2 percent of the respondents allocated 50 percent of the probability mass in the middle bin and 50 percent in the fourth bin; while two percent allocated 50 percent of the probability mass in the middle bin and 50 percent in the fifth bin.
One potential drawback of the percent chance format that may be mitigated in a visual format is the tendency of respondents to use focal answers. People who answer "50 percent" may either truly believe that the chance is about half or they may be uncertain (e.g., Bruine de Bruin et al. 2000; Hill, Perry, and Willis 2006) . We investigate the pattern of focal answers for the four percent chance questions in table 4. 18 As expected, zero-percent answers are substantially more frequent for the extreme thresholds (49 and 40 percent) as many respondents are fairly certain that their expected Social Security benefits will not be that far off their previously reported point estimate. Subjective probabilities about the 16. Similar patterns are reported in Manski and Molinari (2008) for percent chance questions in the HRS core survey. 17. Respondents with all the probability mass in the middle bin are those who answered 0 percent to all percent chance questions. 18. Note that the percent chance questions do not ask directly about the central bin which contains the point estimate. two middle thresholds attract a large proportion of 0s and 50s (about 45 percent of the answers), and there appears to be excessive bunching at 50 percent. The tendency to answer 50 percent for the two middle thresholds may generate less probability mass in the middle bin for the percent chance format. We discuss this further in the section on anchoring bias.
Central tendencies and spread:
The visual and percent chance format generate similar central tendency. Respondents tend to allocate most probability mass in the middle bin. Yet, the percent chance format generates more spreadout distributions: respondents who were administered the percent chance format allocate on average more mass in the two extreme bins and less in the middle bin. On average the middle bin attracts 59.9 percent of the probability mass for the visual format compared to 43.0 in the percent chance format and the difference is statistically significant at the conventional level. The first bin attracts on average 2.7 and 9.6 percent of the probability mass, respectively. The difference across formats is also reflected in the total number of bins used (see table 3 ): respondents in the bins-and-balls format tend to use a smaller number of bins than those in the percent chance format. For example, 73 percent of the bins-and-balls format respondents used two bins or less, compared to 32 percent of the percent chance format respondents. The difference in probability mass in the middle bin across formats is driven in part by two facts: respondents to the visual format are more likely to allocate all the probability mass in the middle bin (20 percent of the respondents versus 10 percent) and less likely to allocate no probability mass in the middle bin (9 percent of the respondents versus 17 percent). Given that the middle bin contains respondents' own previously reported point estimate, this latter group seems surprisingly high in the percent chance format.
We investigate in more detail whether the two formats generate similar means of the subjective distributions. To construct the individual-specific mean of the elicited subjective distribution, we assume that the probability mass reported Bins and balls (n = 565) More probability mass to the right of the central bin 49.5 More probability mass to the left of the central bin 45.5 Equal probability on both sides of the central bin 5.5 Percent (n = 443) More probability mass to the right of the central bin 47.8 More probability mass to the left of the central bin 31.6 Equal probability on both sides of the central bin 20.5 by a respondent is uniformly distributed within a bin (see Appendix 2 for details). Table 5 presents the distribution of these computed means for both formats and for the point expectations and shows that the percentiles of these three distributions are very similar. 19 We cannot reject equality of the computed means of the percent chance format and the bins-and-balls format using a t-test, nor can we reject equality of the means of the point estimates compared with the computed means derived from either format. Despite generating different dispersion and shapes of distributions, the two formats yield distributions with very similar means that are in line with the point expectations.
Symmetry of the distributions:
Restricting our sample to respondents who did not allocate all the probability mass in one bin, table 6 shows that respondents who were administered the percent chance format are more likely to put the same probability on either side of the central bin, that is, they provide a 19. Table 5 excludes 12 respondents who reported a monthly point estimate above $10,000. The higher proportion of asymmetric distributions in the bins-and-balls format may indicate that visualizing the density helps respondents to report the shape they have in mind.
ANCHORING BIAS
We have found that the visual format attracts more probability mass in the middle than the percent chance format. We investigate whether this may be due to anchoring toward the middle, possibly because respondents are attracted visually toward the center of the scale and/or possibly because they see all the thresholds at once and again tend toward amounts that are closer to the midpoint of the amounts shown on the screen. To test this hypothesis, we compared the subjective distributions obtained from two different bins-and-balls formats that we specifically designed for this purpose. 21 We randomly administered to some respondents the same visual format as in the HRS Internet survey, and to the other respondents a similar design where the third bin, rather than the middle bin, is centered around the point estimate. We find that for both groups, most of the probability mass is attracted to the bin containing the point estimate, even though for one group this bin is not located in the middle.
22 Respondents tend to provide strikingly similar subjective distributions relative to the point estimate when the point estimate is located in the middle bin or in the third bin. This finding lends support that there is no anchoring bias toward the middle in the bins-and-balls format.
In view of the differences in the distributions generated by the bins-and-balls format compared to the percent format, does this imply that the percent chance format generates distributions with excessive dispersion? We believe that this is the case. Hurd (forthcoming) documents that the tendency to report probabilities that are drawn toward 50 percent, and excessive bunching at 50 in particular, is found across percent chance format questions from several domains. For example, Hurd shows that it introduces considerable bias to the population distribution of subjective probabilities on survival and subjective probabilities on working past age 62. If these patterns also hold in the responses to the percent chance format about Social Security benefit amounts, they would bias the distribution toward finding larger dispersion. This is because in each percent 882 Delavande and Rohwedder chance question, we ask about the chances that benefits might be further away from the initial point estimate. In addition, the surprisingly large proportion of respondents (see the section "Central tendencies and spread") who allocate no probability mass in the middle bin that contains respondents' own previously reported point estimate may further suggest a bias in the dispersion of the elicited distribution in the percent chance format.
UNFOLDING BINS
The objective behind the bins-and-balls format was to generate data that even in raw form approximate respondents' subjective probability distributions. However, a large proportion of respondents in the bins-and-balls format used only one or two bins revealing only limited detail about their distributions. Taking advantage of the possibilities offered by the Internet survey mode we administered a follow-up bins-and-balls screen to respondents who provided a concentrated distribution of beliefs, i.e., those who allocated all the balls into one or two adjacent bins. These "unfolding bins" split the initial bin(s) containing all the balls into narrower bins and the respondent was reasked to place 20 balls into those narrower bins (see Appendix 3 for exact wording). The number of new bins introduced varies between 2 and 5 depending on the width of the initial bin(s) where all the probability mass was placed (see Appendix 4 for details). Out of the 386 respondents from phase II who were randomized into the visual format, 186 were eligible for the unfolding bins. Ninety-four percent of those eligible reallocated the 20 balls into the narrower bins. Table 7 gives the distribution of unfolding bins that respondents used. About 80 percent of those who were presented with two unfolding bins allocated all the balls into one bin. About two-thirds of those who were presented with three, four, or five unfolding bins used two bins. As before, respondents tend to provide distributions concentrated around their point estimates, with on average more probability mass to the right of the point estimates.
This suggests that respondents are willing to provide more precise answers about their distributions of beliefs if asked. The bins-and-balls format is a very efficient way of doing so because only one additional screen is needed irrespective of the level of additional detail to be elicited. As such this application is particularly well suited to Internet surveys. While a similar follow-up could be implemented in the percent chance format, this would increase survey time (see discussion in the section "Survey time") and the number of repetitive questions, and with that respondent burden more heavily than in the bins-and-balls format.
Correlation of Distribution of Answers with Uncertainty in Other Domains
The plausibility of response patterns and how they vary with other covariates may indicate which format yields higher quality data. We investigate in this section how uncertainty in Social Security benefits correlates with uncertainty about related outcomes. For this analysis we restrict our sample to usable answers and exclude 10 respondents who provided an expected monthly Social Security benefit above $10,000 and who are thus asked about very wide bins.
We show in table 8 regression analyses using three measures of uncertainty in Social Security benefits as dependent variables: the number of bins used by the respondents, the probability mass allocated in the middle bin, and a constructed standard deviation of the subjective distribution (see Appendix 2 for details). We employ an ordered probit model when the number of bins used by the respondents is the dependent variable and look at the best linear predictors when the probability mass in the middle and the standard deviation are the dependent variables.
Uncertainty in the timing of future benefit receipt (expected claiming age) is likely to translate into uncertainty about the amount of future Social Security benefits. Also the longer the time to claiming, the higher one would think the uncertainty that the individual faces regarding the Social Security benefit amount. As part of the same survey, respondents were asked to provide their expected claiming age and the distribution of potential claiming ages using a bins-and-ball format. Table 8 shows that for both the bins-and-balls and the percent chance formats respondents who used more bins to express the distribution of future claiming ages or those who are further away from their expected claiming age provided a more spread-out distribution regarding their future Social Security benefits. That is, on average, they used more bins, allocated less probability mass in the central bin and had a distribution with a larger standard deviation.
Eligibility and the possibility of Social Security reform are likely to affect respondents' expectations. Respondents were asked the probability that they would receive Social Security benefits in the future. Almost half of the respondents reported a probability of 95 percent or more. Those who report a lower probability of eligibility report a more spread-out distribution of future Social Security benefits. The coefficient is statistically significant at 5 percent for the specifications using the total number of bins and the number of balls in the middle bin as dependent variables in the bins-and-balls format; it is significant at 10 percent for the number of balls in the middle bin for the percent chance format. Also, respondents who provide a higher probability that a reform would reduce their own benefits provide a more spread-out distribution regarding their future benefits. The coefficient is statistically significant for all formats and all dependent variables, except for the computed standard deviation in the bins-and-balls format. Health may impact one's ability to work, and thus one's future benefits. Consistent with this idea, we find that, in the bins-and-balls format, respondents who report to be in excellent or very good health have a more concentrated distribution than those who report to be in poor health, and the coefficient is statistically significant in the specifications using the total number of bins or the number of balls in the middle bin. In the percent chance format, respondents who report to be in good health have a more concentrated distribution than those who report to be in poor health in the regression using the number of balls in the middle bin.
Wealth has a statistically significant coefficient for the percent chance format only: respondents in the higher wealth tercile have a more concentrated distribution than those in the lower wealth tercile. An explanation might be that respondents who have accumulated more wealth have better financial knowledge and know more about the Social Security rules, and in many cases have contributed to Social Security at the maximum level for an extended period of time and therefore know that they qualify for the maximum benefit or something close to it.
Gender and income have a statistically significant coefficient for both formats only in the regressions using the computed standard deviation as dependent variables. Women and respondents with lower income are found to have a distribution with a smaller standard deviation.
Overall, the plausibility of response patterns and how they vary with other covariates suggest that both formats yield comparable quality data. The regressions presented in table 8 are however not without caveat for comparison between the two formats. First, the number of observations is larger in the binsand-balls format. Caution needs to be taken when comparing the significance levels of coefficients across formats. Second, the sample of usable answers in the percent chance format suffers from selection (see the section "Usable answers"), and some of the relationships presented in the regression might be biased as a result.
Conclusions
This paper presents the results of an exploratory data collection that we undertook to elicit subjective probabilities using a new visual format made possible in Internet surveys. Our point of departure was that a visual format might elicit more detailed information about individuals' distribution of beliefs without increasing respondent burden, and allow respondents to visualize the density she or he provides. In Internet surveys, this visual format could provide an alternative to the more standard percent chance format. The percent chance format has been shown in previous work to yield coherent subjective distributions, but it may require respondents to be more proficient with probabilities than would be required with the visual format.
When comparing the two formats, we show that they yield similar response rates, survey time, and precision of information. In addition, the dispersion of the elicited distribution correlates with other sources of uncertainty in the expected direction for both designs suggesting that both yield high-quality data from a substantive point of view.
However, the two formats differ importantly in two dimensions. First, the visual format attracts more probability in the central bin than the percent chance format. Additional experiments lead us to conclude that this is not due to anchoring toward the middle in the bins-and-balls format. We suspect instead that the difference is due to biased distributions in the percent chance format. Hurd (forthcoming) shows for several percent chance questions in the core HRS survey an excessive tendency to report values drawn toward 50. An increased tendency to answer 50 percent combined with the fact that in our percent chance design, respondents were not asked directly about the middle bin would generate distributions that are biased toward finding larger spread.
Second and most importantly, 20 percent of the observations are lost in the percent chance format because respondents fail to respect a basic property of probability. Moreover, those 20 percent tend to be less educated, less healthy, less wealthy, and less comfortable with probability questions of the percent format than the rest of the sample introducing selection in the remaining usable answers. This is a serious drawback because it prohibits the study of expectation formation and decision making under uncertainty among the most vulnerable group in the population which could potentially benefit most from public policies. While the fraction of unusable answers in the percent format may be reduced if respondents were informed about this violation, little is known about whether adding warnings or teaching respondents about probabilities improves the resulting data quality. Overall, our results suggest that the bins-and-balls format for eliciting individuals' subjective distribution of beliefs in Internet surveys is a feasible option that leads to more complete data. 
Appendix 4
THRESHOLDS DEFINITION FOR THE UNFOLDING BINS Let L1 be the left bound of the unique bin or one of the adjacent bins and L2 be the right bound of the unique bin or one of the adjacent bins. The following algorithm summarizes the design of the unfolding bins:
